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most careful precautions must be taken to prevent the
amount from becoming serious. After this first quenching
to refine the core, the articles are re-heated to a lower
temperature, and once again quenched. Since they are
hardened during the second operation (completely in the
case and partially in the core), an additional distortion
may take place, or, by very good and unusual luck, the
original distortion may be partially neutralised.

In consequence of the repeated quenching from tempera-
tures higher than the critical, the opportunities for dis-
tortion, provided by the treatment of case-hardening
steels, are greater than those found in the treatment of
any of the other types of steel. Case-hardened parts
lend themselves to an exaggeration of the volume changes
which occur during the quenching of all steels, On p. 76,
the action of expansion and contraction in producing
strains in articles which are being hardened has been
indicated, and, in the same section, the serious effect of
the critical volume changes which occur during the heat-
ing and cooling of steel have also been dealt with. When
case-hardening steels are being treated, the possibilities
of cracking and distortion are increased, not only by the
drastic nature of the treatment, but also by reason of the
fact that the case and the core differ so distinctly in com-
position, and, therefore, in their other characteristics.
The case, which is the hardest and, therefore, the strongest
part of the case-hardened article, is quenched first, and,
therefore, becomes rigid during the quenching operation
sooner than any other part. As a result, the tendency
for the case to adjust itself to the contractions which are
taking place in the layers below the surface, is much less
than it might be in the corresponding portion of a piece
of steel which was of the same composition as the case
throughout, and which hardened to the same strength
in every part.

The effect in producing distortion, resulting from differ-
ences in the mass of various parts, may be expected to be
greater in a case-hardened article than in a non-case-